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Autism spectrum disorder (ASD) comprises a range of developmental disorders, characterised by impairments in social interaction, communication, and behavioural flexibility (American Psychiatric Association, 2000; World Health Organization, 1993) .
One of the most influential psychological explanations of the social and communication impairments is that children with ASD have an attenuated theory of mind (ToM) (e.g., Baron-Cohen, 1989; Frith, 1989; Leslie, 1987) . ToM refers to the capacity to attribute mental states to self and others to explain and predict behaviour (Premack & Woodruff, 1978) . The ability to ascribe false beliefs is considered by many to be the hallmark of a fully-fledged ToM (e.g., Dennett, 1978) , and it has been consistently found, using a wide variety of paradigms, that children with ASD show diminished performance on false belief tasks (e.g., Happé, 1995; Yirmiya, Erel, Shaked, & Solomonica-Levi, 1998 ).
In typical development, an important preceding step to false belief competence is acquiring the ability to attribute knowledge or ignorance of a given piece of information, depending upon whether an individual has had perceptual access to that information (Hogrefe, Wimmer, & Perner, 1986; Wimmer & Gschaider, 2000; Wellman & Liu, 2004) . Understanding of the relationship between perception and knowledge is most commonly investigated using "see-know" tasks, which assess children's understanding that visual access to information is a way of gaining knowledge of that information (Wimmer, Hogrefe, & Perner, 1988) . In a typical see-know task, participants are required to ascribe knowledge or ignorance of the contents of an opaque box to Impaired performance on see-know tasks in autism 4 individuals who either have or have not looked inside the box. From around 3 years of age, typically developing children correctly attribute knowledge of the box's contents only to individuals who have seen inside the box (e.g., Pratt & Bryant, 1990 ).
On the basis of such studies, it has been widely assumed that typically developing children below the age of 3 years lack an explicit conceptual understanding of knowledge states (e.g., Perner, 1991) . However, innovative new research has called this view into question. For example, Liszkowski, Carpenter, and Tomasello (2008) found that 12-month-old typically developing infants, who observed an adult searching for an object, would communicatively point to the object to help the adult more frequently in conditions where the adult had not seen (and was therefore ignorant of) the location of the object than in conditions where the adult had seen (and therefore knew) the location of the object. Whilst it may be tempting to conclude that such selective pointing demonstrates explicit conceptual understanding of knowledge states, such findings are far from unambiguous (Perner & Ruffman, 2005 ). An arguably less controversial interpretation of these findings is that such behaviour indexes the (pre-conceptual, possibly implicit) ability to detect knowledge states in others, rather than any conceptual understanding of mental states (e.g., Bremner & Mareschal, 2004; Hood, 2004) . Thus, tests such as those devised by Liszkowski et al. may assess the developmental precursors of conceptual understanding of knowledge states, whilst see-know tests directly assess conceptual understanding of knowledge states.
Given their characteristic limitations in false belief understanding, children with ASD might also be expected to show an impaired understanding of the perceptionknowledge relationship. Indeed, two early studies Impaired performance on see-know tasks in autism 5 Leslie, & Leekam, 1989) found that children with ASD performed significantly less well than children with specific language impairment (SLI) on standard see-know tasks.
However, in each of these studies, participants with ASD had substantially lower levels of verbal intelligence than comparison participants, with a discrepancy in mean levels of verbal IQ between the groups of over 23 points 1 , in each case. As such, the observed deficit amongst participants with ASD on each experimental task may have been merely a consequence of their low levels of verbal intelligence, rather than the consequence of an ASD-specific difficulty with representing the relationship between seeing and knowing (see Burack, Iarocci, Flanagan, & Bowler, 2004 ).
More recently, Kazak, Collis, and Lewis (1997) assessed understanding of the seeing-knowing relationship using a different kind of task from those used in the studies by Leslie and Frith (1988) and Perner et al. (1989) Impaired performance on see-know tasks in autism 6 Potentially significant group differences in understanding of the relationship between seeing and knowing may, therefore, have been masked by the fact that none of the groups performed at above chance level.
Perhaps the most widely cited evidence for an ASD-specific impairment in understanding of the seeing-knowing relationship emerges from a study by Baron-Cohen and Goodhart (1994) . Baron-Cohen and Goodhart compared the performance of 12 adolescents with ASD and 12 age and verbal ability matched comparison adolescents with intellectual disability (ID) on a modified version of a paradigm previously implemented with typically developing children by Pratt and Bryant (1990) . Baron- Cohen and Goodhart (1994, p.399) reported that participants with ASD performed significantly less well than participants with ID on this task, with group differences being highly statistically significant (Fisher's exact probability test, p < .01).
However, a careful consideration of Baron-Cohen and Goodhart's results again leads to concerns over the reliability of these findings. There were some inconsistencies in the reporting of the results of the experiment, and a re-analysis of their data indicates that the groups did not, in fact, perform significantly differently from each other.
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Baron-Cohen and Goodhart's (1994) Table 2 displays the numbers of individuals within the ASD and ID groups who passed the task (scored 5/5) and failed the task (scored < 5/5). Their Table 3 provides further detail, displaying the numbers of individuals within each group who scored 0, 1, 2, 3, 4 and 5, respectively. However, the results from these tables do not tally. Although both tables suggest that 4/12 participants with ASD passed the task (i.e., scored 5/5 questions correctly), Table 2 suggests that 9/12 participants with ID passed the task, whereas Table 3 suggests that 8/12 participants with ID passed the task. Moreover, a re-analysis of these data reveals that the group difference in the numbers of participants passing/failing the task was only marginally significant, p (one-tailed) = .05 (if the results reported in Table 2 are taken to be correct) or non-significant p (one-tailed) = .11 (if the results reported in Table 3 are taken to be correct). The fact that the group difference did not reach statistical significance is unsurprising, given the very small sample size involved. We calculated the effect size for the group difference and found it to be moderate,  = .33, or relatively strong,  = .42 (Rea & Parker, 1997) , depending upon which results are taken to be correct. This suggests that if more participants had been tested, the effect may have reached significance.
Despite these issues, one important methodological improvement upon previous studies was that Baron-Cohen and Goodhart (1994) introduced a pre-test control task, designed to ensure that any subsequent failure on the test itself was not due to a general failure to follow the test procedure. However, there are concerns over whether the task adequately served this purpose. The control task involved six trials of the experimenter giving a red counter to John and a blue counter to Fiona, or vice versa, and then asking Impaired performance on see-know tasks in autism 8 the child, "Who has the red/blue counter?" All participants were found to pass at least five out of six of these control questions, and it was assumed that all of the participants would, therefore, be able to follow the test procedure. However, the cognitive demands of the control questions differed considerably from those involved in the experimental questions in at least three important respects. The experimental questions, unlike the control questions, involved (a) recalling an action (e.g., Fiona opened the box and looked inside), (b) making an inference based on that action (e.g., Fiona must, therefore, know what is inside the box), whilst (c) reasoning about unobservable variables. These differences raise the possibility that those participants in Baron-Cohen and Goodhart's study, who failed the task, may have done so because of difficulties with these extraneous factors rather than because of a specific failure to represent the seeing-knowing relationship.
Thus, previous studies of the seeing-knowing relationship in ASD have either found ASD-specific impairments, but failed to include an adequate comparison group, or simply failed to find significant group differences. So, although there are legitimate theoretical reasons to predict that children with ASD will show an impaired understanding of the perception-knowledge relationship (given that children with ASD are thought to have difficulties with representing mental states), previous research has not demonstrated this to be the case. The current study, therefore, aimed to assess understanding of the perception-knowledge relationship in ASD with a new, more carefully controlled approach.
We decided to replicate Baron-Cohen and Goodhart's (1994) version of Pratt and Bryant's (1990) task with a larger, carefully matched sample, and to design and Impaired performance on see-know tasks in autism 9 implement our own, more rigorous control task. Cognitive-experimental tasks, such as Baron-Cohen and Goodhart's task, necessarily invoke multiple cognitive processes -they are rarely "pure" tests of a particular cognitive ability such as ToM. Thus, one of the key aims of the present study was to screen out non-ToM sources of task difficulty, thereby ensuring that any group differences on the experimental task were specifically due to the hypothesised difficulty with understanding the perception-knowledge relationship.
Hobson (1991) argues that one of the most powerful methods of determining ASDspecific deficits in a particular cognitive ability is to develop a control task with cognitive demands that closely mirror those of the experimental task except with respect to the key variable of interest. Thus, we aimed to develop a control task that was analogous to the experimental task in as many respects as possible, whilst eliminating any reference to mental states.
A series of six new control questions was created. These questions each required the participant to recall an action and make an inference based on that action. In order to equate the control and experimental questions as closely as possible, the control questions were designed to require inferences about internal, unobservable (but not mental) states, such as feeling sick or cold. This was intended to ensure that difficulties were not arising as a consequence of problems with reasoning about, or representing, unobservable variables. It was predicted that after excluding participants who failed the control task, participants with ASD would perform significantly less well on the test itself than comparison participants.
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Methods
Participants
Approval for this study was obtained from City University Senate Research Ethics
Committee. Participants were recruited through schools located in South-East England.
The parents of all participants gave informed, written consent for their children to take part. The ASD and comparison groups each consisted of 40 participants who were individually matched on chronological age (CA) and verbal mental age (VMA), as assessed with the British Picture Vocabulary Scale (Dunn, Dunn, Whetton, & Burley, 1997) . Participant characteristics are presented in Table 1 .
[Place Table 1 about here]
All of the participants in the ASD group attended specialist autism schools or units, for which entry required a formal diagnosis of autistic disorder, Asperger's disorder, pervasive developmental disorder not otherwise specified, or atypical autism 
Materials and procedure
The experimenter introduced two "Playmobil" dolls as John and Fiona, and then asked the child to identify each doll by name. For the control procedure, the children were told the following series of one-sentence stories, which were each followed by a question: The order of the stories and the position of the key information bearing part of the story (e.g. "falls over and cuts her knees") were fully counterbalanced across conditions.
Participants were randomly assigned to each condition without replacement. For the test phase, the children were shown five boxes, each with a distinct appearance, and each containing a different toy object. They were told, "Look I've got some boxes here.
There's something inside each box. I'm going to show the boxes to John and Fiona."
They were then given the test questions, which were acted-out by the experimenter and which took the form: "John lifts up the box and Fiona opens the box and has a look.
Who knows what's in the box?" The order of characters/looking and lifting was randomly assigned for each of the five questions. Importantly, the participant was not allowed to see inside the boxes until the questioning was completed.
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Scoring
In terms of performance on the see-know task, participants who scored 4 or 5 (out of 5)
were deemed to have "passed", and participants who scored 0 to 3 were deemed to have "failed". In terms of control task performance, participants who scored 5 or 6 (out of 6) were deemed to have "passed", and participants who scored 0 to 4 were deemed to have "failed". These criteria were selected in order to ensure that participants were (a) not penalised for making a single mistake due (for example) to loss of concentration and (b) unlikely to pass by chance alone. The probability of succeeding on a single trial in either the control task or the see-know task was .50. Therefore, the probabilities of scoring 5 or 6 (out of 6) on the control task were .03 and .02, respectively, and the probabilities of scoring 4 or 5 (out of 5) on the see-know task were .06 and .03, respectively.
Statistical Analyses
Statistical analyses were conducted using SPSS 16.0 for Windows. Chi-square or
Fisher's exact tests were used to analyse categorical data and independent t-tests were used to analyse continuous data. The effect size measures  (phi) and r were used to accompany chi-square/Fisher's exact tests and t-tests, respectively.
Results
Twenty-four (60.0%) participants with ASD and 36 (90.0%) comparison participants passed the see-know task. A chi-square test indicated that this group difference was statistically significant, ² (1, N = 80) = 9.66, p < .01,  = .35. Twenty-nine (72.5%) Impaired performance on see-know tasks in autism 14 participants with ASD and 37 (92.5%) comparison participants passed the control task.
Again, this group difference was found to be significant, ² (1, N = 80) = 5.54, p = .04,  = .26. Table 2 shows the numbers of participants in each group who passed/failed the see-know test and control questions.
[ Table 2 here]
The fact that the ASD group performed significantly less well on the control task than the comparison group suggests that their poorer performance on the experimental task may not have been specifically due to a difficulty with representing mental states.
Thus, in order to ensure that group differences on the test itself were not entirely accounted for by non-ToM factors, further analyses were conducted. Individuals who failed the control task (ASD n = 11; comparison n = 3) were excluded from the sample and the see-know test data were re-analysed. After these participants were excluded, the groups remained equated on CA, VMA, and VIQ -there were no significant group differences on any of these variables and the effect sizes were all negligible to small, indicating close matching (all ts < 1.07, all ps > .29, all rs < .13).
Having excluded participants who failed the control task, it was found that 21/29 (79.4%) participants with ASD and 35/37 (94.6%) comparison participants passed the see-know test. This difference was found to be significant, Fisher's exact test 3 , p = .02,  = .31. This effect is considered to be moderately strong (Rea & Parker, 1997) .
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Discussion
In the current study, children with ASD were found to perform significantly less well than age and verbal ability matched comparison children on a task designed to assess explicit understanding of the relationship between informational access and knowledge.
As far as we are aware, this is the first study to unambiguously demonstrate a diminished understanding of this relationship amongst children with ASD. Although previous studies have reported ASD-specific deficits in this regard, the results of each was questioned on the basis either that (a) an appropriate comparison group (matched for age and verbal ability) was not included Perner, Frith, Leslie, & Leekam, 1989) or (b) results were misreported, and therefore differences between groups
were not statistically significant, as originally suggested (Baron-Cohen & Goodhart, 1994) .
The results of the current study are contrary to those of Kazak et al. (1997) , who found no significant differences between appropriately matched children with and without ASD on a task designed to assess the distinction between knowing and guessing.
However, given the floor effects on this task observed amongst participants in Kazak et al.'s study, their results should be treated with some caution. In the current study, there were neither floor nor ceiling effects on the experimental task, making interpretation of results more reliable.
There are further reasons to suppose that the diminution in understanding of the seeing-knowing relationship observed amongst participants with ASD in the current study is genuine. Firstly, the present study utilised a substantially larger sample (N = 80) Impaired performance on see-know tasks in autism 16 than previous studies. Indeed, it seems likely that the between-group difference in Baron-Cohen and Goodhart's (1994) experimental task did not reach statistical significance because each group comprised only 12 participants. Secondly, and most importantly, the current study is arguably the only study to include a control task, which is adequate to ensure that any deficits on the experimental task were due to a specific difficulty with representing the seeing-knowing relationship, as opposed to difficulties with other task demands (see Hobson, 1991 , for a general discussion of such methodological issues).
Indeed, an important finding was that participants with ASD performed significantly less well than comparison participants on the control task as well as the experimental task. This suggests that the failure of some individuals with ASD on the experimental task could well have been due to difficulties with "extraneous" task factors, which may have included (a) recalling an action, (b) making an inference based on that action, (c) reasoning about unobservable variables, or perhaps (d) diminished awareness of physiological states per se. This highlights the importance of having included a comprehensive control task. Crucially, it was found that after excluding participants who failed the control task, differences between the (still well matched) groups in see-know task performance remained significant, with a moderate effect size ( = .31). This methodological control, which has not been included in previous studies, confirms our hypothesis that children with ASD have a specific deficit in understanding that seeing leads to knowing. 
